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Liquid or gas sensor and method 

TECHNICAL FIELD OF THE INVENTION AND PRIOR ART 

10 The present invention concerns a fluid sensor, I.e. a sensor for a 
gas or a liquid, such as a non-dispersive infrared (NDIR)-type 
sensor, containing a fluid cell to enclose a volume of gas or 
liquid that is to be analysed. The fluid sensor comprises an 
electromagnetic energy source arranged to transmit 

15 electromagnetic waves into the fluid cell and at least one 
detector to detect electromagnetic waves passing through the 
fluid cell and at least one opening for the inlet/outlet of gas that 
is to be analysed. The gas sensor also comprises a circuit board 
to evaluate the Intensity of electromagnetic waves reaching said 

20 at least one detector and/or to provide the circuitry for the 
electromagnetic energy source. The present invention also re- 
lates to a method for producing such a fluid sensor. 

Gas sensors of the NDIR-type are well known in the art. Such 
25 sensors comprise a gas ceil with an IR-source at one end and 
an IR-detector at the other. A gas containing molecules of the 
gas that is to be analysed diffuse into the gas cell and IR-light is 
directed through the gas cell towards the detector. The detector 
has a filter in front of it which eliminates all light except the 
30 specific wavelength that the gas that is to be analysed absorbs. 
Since the other gas molecules in the gas cell do not absorb light 
at that specific wavelength, only the molecules of the gas that is 
to be analysed affect the amount of light reaching the detector. 
The intensity of the light of the specific wavelength that reaches 
35 the detector is therefore inversely proportional to the 
concentration of the gas to be detected in the gas cell. The 
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higher the concentration of such a gas, the more light of this 
wavelength will be attenuated. 

The gas cell of a gas sensor usually comprises a metal body 
5 that is polished so as to reflect the light passing through the gas 
cell. Alternatively the gas cell may be made of moulded or 
extruded plastic components that are glued together and 
sputtered with a material that is reflective to the electromagnetic 
waves passing through the gas cell. The process of producing a 
10 gas cell is therefore a relatively complex and expensive task and 
requires special tools to produce the gas cell. 

Furthermore, when such gas sensors are used condensation 
collects on the inner walls of the gas cell which deteriorates the 
15 quality of the signals passing through the gas eel! and this can 
adversely affect the analysis results. 

SUMMARY OF THE INVENTION 

20 The object of the present invention is to provide an accurate and 
compact fluid sensor that is simple and inexpensive to construct 

This object is fulfilled using a fluid sensor, i.e. a gas sensor or a 
liquid sensor, containing a fluid cell to enclose a volume of 

25 liquid or gas that is to be analysed where the fluid cell has an 
- electromagnetic energy source arranged to transmit 
electromagnetic waves into the fluid cell and at least one 
detector to detect electromagnetic waves passing through the 
fluid cell and at least one opening for the inlet/outlet of fluid, i.e. 

30 liquid or gas, that is to be analysed. The fluid sensor comprises 
a circuit board to evaluate the intensity of electromagnetic 
waves reaching said at least one detector and/or to provide the 
circuitry for the electromagnetic energy source. An array of 
detectors is used if several gases are to be analyzed at the 

35 same time. 


f 
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At least part of the fluid cell is incorporated into the substrate of 
the circuit board i.e. the dielectric material on which the circuit 
is printed, etched or formed. By "at least part of the fluid cell" it 
is meant at least part of an internal wall along which 
5 electromagnetic waves will be transmitted. 

According to a preferred embodiment of the invention at least 
part of the internal walls of the fluid cell are coated with a 
material that is reflective to the electromagnetic waves passing 

10 through the fluid cell so as to reduce the attenuation of the 
electromagnetic signal being transmitted through the fluid cell at 
the cell walls. This means that the attenuation of the signal will 
be, as far as possible, due only to its absorption by molecules of 
the fluid being analysed. According to a preferred embodiment 

15 of the invention the reflective material is a metal such as gold or 
silver. 

A fluid sensor always requires a circuit board to evaluate the 
intensity of electromagnetic waves reaching said at least one 
20 detector and/or to provide the circuitry for the electromagnetic 
energy source and so a circuit board is a component that always 
has to be manufactured for a fluid sensor. A circuit board is also 
usually gold plated since gold is a good conductor and does not 
corrode. 

25 

• The circuit board may contain via-holes extending through the 
whole or part of the circuit board to conduct current from one 
part, or side, of the circuit board to another. These via holes are 
holes going through the whole, or part, of the circuit board 

30 substrate and are also usually gold plated and so are ideal for 
use as a fluid cell. This means that it is relatively simple to 
construct a fluid cell in the substrate of a circuit board and that 
the time required to manufacture a fluid sensor can therefore be 
significantly reduced as no special tools to manufacture the fluid 

35 cell are required and the cost of producing a fluid sensor is 
consequently significantly reduced. The inventive fluid sensor is 
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more portable than a conventional fluid sensor as it is more 
lightweight and compact than conventional fluid sensors which 
have a separate fluid cell, usually made of metal. The inventive 
fluid sensor may therefore be carried more easily. 

5 

Furthermore the condensation problem is decreased or 
eliminated since the electric/electronic components mounted on 
the circuit board generate heat which is conducted through the 
substrate of the circuit board. As the walls of the fluid cell are 
10 consequently heated this prevents condensation from collecting 
on the inner walls of the of the fluid cell. According to a 
preferred embodiment of the invention the circuit board of the 
fluid sensor comprises a heat-generating component in the 
vicinity of the fluid cell. 

15 

According to other preferred embodiments of the invention the 
fluid cell extends through the circuit board and/or across the 
circuit board, the fluid cell is either fully or partially embedded in 
the substrate of the circuit board depending on the size of the 
20 fluid cell and the thickness of the circuit board substrate. Part of 
the fluid cell may, for example, extend along a surface of the 
circuit board. The fluid cell may be completed using a metallized 
capping part mounted on the surface of the circuit board. 

25 According to another preferred embodiment of the invention the 
- electromagnetic energy source and/or said at least one detector 
is/are mounted on the circuit board so that the circuit board 
provides the foundation for the whole fluid sensor however the 
electromagnetic energy source and said at least one detector 

30 may be provided as separate components in communication with 
the fluid cell that Is incorporated into the circuit board. However 
mounting both of these components on the circuit board is 
advantageous in that Interconnecting wires or cables connecting 
the components to the circuit board are not needed and this 

35 eliminates the noise introduced by such interconnects, 
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decreases the production time and makes the fluid sensor more 
compact. 

According to a further preferred embodiment of the invention the 
5 electromagnetic energy source is a light source, such as an 
infrared light source and said at least one detector is an optical 
detector. 

According to a preferred embodiment of the invention the fluid 
10 cell is built up of a plurality of circuit boards stacked together. 
One circuit board may for example contain one part of the fluid 
cell and one or more circuit boards may be placed on, under or 
beside the first circuit board so as to provide the complementary 
part or parts of the fluid cell. 

15 

According to another preferred embodiment of the invention the 
fluid sensor comprises a plurality of fluid cells incorporated into 
the substrate of the circuit board. Having a plurality of gas cells 
is advantageous if different sample gases are to be analyzed by 

20 the fluid sensor simultaneously. The fluid cells may be arranged 
so that a fluid may move freely between the fluid cells or from 
one cell to the next in a specific order. According to another 
preferred embodiment of the invention the plurality of fluid cells 
comprises at least one test channel to determine the attenuation 

25 at a wavelength not influenced by a fluid that is to be analysed, 
but close to it, to provide a measure of the variation of the 
electromagnetic signal influenced by environmental parameters 
and not by the analysed fluid. 

30 According to a further preferred embodiment of the invention the 
fluid sensor comprises a flexible circuit board that may be bent 
into any desired shape. 

The present invention also concerns a method for producing a 
35 fluid sensor having a fluid cell. The method comprises the step 
of forming a trench having at least one substantially smooth 
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surface in the substrate of a circuit board along the path of the 
intended fluid cell, which will constitute at least part of a fluid 
cell. The expression "substantially smooth" is intended to mean 
a surface that is smooth enough to substantially avoid the 
5 introduction of distorted or spurious signals. Such a trench may 
be formed by selectively removing or displacing the substrate 
material with any technique known to those skilled in the art 
such as by laser, by etching or drilling. 

10 According to a preferred embodiment of the invention the 
method comprises the further step of coating at least part of the, 
or each, wall of the trench with a material that is reflective to the 
electromagnetic waves that pass through the fluid cell, such as 
a metal. This material may be applied by an electrolytic, 

15 sputtering or any other suitable technique. 

According to another preferred embodiment of the invention the 
method comprises the further step of stacking a plurality of 
circuit boards together so as to form a fluid cell. 

20 

The. inventive fluid sensor is suitable for use in many 
applications including determining the concentration of a gas 
such as carbon dioxide, carbon monoxide, hydrocarbons, nitrous 
oxide or a liquid such as a liquid hydrocarbon or any other gas 

25 or liquid having attenuation bands in the infrared range. The 
- fluid sensor is suitable for use in medical equipment such as a 
breathing monitor for determining the concentration of carbon 
dioxide in the exhaled air of a person or a person's breathing 
frequency or as a trace liquid or gas meter in ventilation and 

30 alarm systems for example. The inventive fluid sensor is also 
suitable for use to determine other properties of one or more 
fluids in the fluid cell such as pressure, structure or 
composition. 
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Further advantages as well as advantageous features of the in- 
vention appear from the following description and the other de- 
pendent claims. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of a gas sensor according to a 
preferred embodiment of the invention, and 

10 

Fig. 2 shows part of a fluid sensor according to another 
preferred embodiment of the invention, and 

Fig. 3 shows part of a fluid sensor according to a further 
15 preferred embodiment of the invention. 

The following description and drawings are not intended to limit 
the present invention to the embodiment disclosed. The 
embodiments disclosed merely exemplify the principles of the 
20 present invention. The components shown in the figures are not 
drawn to scale. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
OF THE INVENTION 

25 

Figure 1 shows carbon dioxide sensor containing a gas cell 1 to 
enclose a volume of gas. such as exhaled air from a person. 
The gas cell comprises an opening 2 for the inlet/outlet of gas 
that is to be analysed. The gas sensor comprises an IR-source 
30 3, such as a heated element, arranged to transmit IR-radiation 4 
into the gas cell and an IR-detector 5 to detect IR-radiation 
passing through the gas cell. The gas cell therefore functions as 
a waveguide for the IR-radiation. 

35 A filter 6, is placed in front of the detector to eliminate all light 
except the specific wavelength that carbon dioxide molecules 7 
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absorb, namely 4.26 urn, which is in the IR-range. The intensity 
of 4.26 jam light that reaches the detector 5 is inversely 
proportional to the concentration of carbon dioxide in the sample 
of gas in the gas cell. When the concentration of carbon dioxide 
5 in the chamber is zero, the detector will detect the full light 
intensity from the IR-source. The exact relationship between IR- 
intensity and carbon dioxide concentration is determined by 
calibrating the gas sensor with pure nitrogen and a known 
concentration of carbon dioxide such as 5 vol% for example. 

10 

The gas cell 1 is incorporated into the substrate of a circuit 
board 8. The substrate comprises a ceramic material, a polymer, 
a composite or any other suitable dielectric material, and 
electric/electronic components are mechanically supported and 
15 electrically connected on the circuit board. A circuit board may 
also comprise multiple dielectric layers sandwiched between 
metal layers that are patterned to transfer signals between the 
electronic components. 

20 The gas cell 1 is for example formed in the via-hole of the circuit 
board. The circuit board is used evaluate the intensity of IR- 
radiation reaching the detector 5 and to provide the circuitry for 
the IR-source 3. The inner walls of the gas cell are coated with 
a material 9 that is reflective to the IR-radiation passing through 

25 the gas cell 1/ which allows the IR-signal to be totally reflected 
- from one side of the gas cell to the other towards the IR- 
detector and consequently results in lower transmission losses. 

Such a gas sensor may also be used to determine the structure 
30 or composition of a sample of gas in the gas cell. 

Figure 2 shows a fluid cell 1 made up of three circuit boards 
10,11,12, mounted on top one another. Circuit board 11, which 
comprises electric/electronic components has a gold-plated 
35 groove extending along the length of the circuit board which 
provides the side walls of the fluid cell 1. Circuit boards 10 and 
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12 provide the top and bottom walls of the fluid cell 1. Circuit 
boards 10 and 12 could however be replaced with gold- or 
silver-plated components placed above and below the groove in 
circuit board 1 1 to provide the top and bottom walls of the fluid 
5 celM. 

The cross section of the fluid cell is rectangular in the example 
shown, it can however have any geometrical form such as 
circular, elliptical or square depending on the manufacturing 

10 process. The width of the fluid cell may be chosen by the user 
by varying the depth of the grooves. The optimal cross-sectional 
dimension of the fluid cell depends on the frequency of the 
electromagnetic waves being transmitted through the fluid cell 
and the desired transmission mode. Fluid cells having improper 

15 dimensions may distort the signal transmitted therethrough. 

Although the fluid cell 1 extends through the circuit board 11 in 
a straight line, the invention is not limited to such fluid cells. The 
fluid cell 1 can have any geometrical form, it can be U-shaped 
20 for example. Having a non-straight fluid cell geometry means 
that a longer light absorption path can be created. 

Figure 3 shows a fluid cell 1 with an elliptical cross-section 
formed by stacking four circuit boards 13,14,15,16 on top of one 

25 another for example by overlapping their via-holes. The length 
- of the fluid cell may therefore be varied by the user by choosing 
the amount of circuit boards that are to be stacked in this way. 
The fact that the fluid cell is easy to take apart also makes it 
easier to clean. Another advantage is that such stackability 

30 allows a multiparameter fluid sensor, for the analysis of several 
gases or which incorporates several sensors, to be easily 
constructed. The user can easily adapt the gas sensor to his/her 
specific needs by choosing or varying the length of the fluid cell. 

35 The invention is of cpurse not in any way restricted to the pre- 
ferred embodiments thereof described above, but many 
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possibilities to modifications thereof would be apparent to a man 
with ordinary skill in the art without departing from the basic 
idea of the invention as defined in the appended claims. 


